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(54) (Title of the Invention] 

A high-alloy tool-steel sintered body and the manufacturing methods thereof 



(57) |Abstract| 
| Purpose ) 

To obtain a high-alloy tool-steel sintered body that has no defect in the structure of its materials, such as bulking up 
of crystal granules, and formation of enormous pieces of carbide caused by fusing and aggregating of carbide, and 
has no material defect, such as holes, after being sintered. 

(Constitution | 

A fineness of 100% relative density is obtained by including 20-80% of fine powder granules of high-alloy tool-steel 
with a granular diameter of less than 10 1 and up to 10" 2 urn in 80-20 wt% of coarse-granule powder of high-alloy 
tool-steel with a granular diameter of 10 l — 10 3 urn. Furthermore, the powder described above is formed by 
compressing and carrying out a solid-phase sintering process for approximately 120 minutes at a temperature of 
1503-1573 K under a vacuum hood. 

(Scope of Patent Claims) 

[Claim 1] 

A high-alloy tool-steel sintered body including 20-80% of fine powder granules of high-alloy tool-steel with a 
granular diameter of less than 10 1 urn and up to 10" 2 urn, in 20-80 wt% of coarse-granule powder of high-alloy tool- 
steel with a granular diameter of 10-10 3 um, and having a fineness of 100% relative density. 

[Claim 2] 

A method of manufacturing a high-alloy tool-steel sintered body characterized as having a fineness of 100% relative 
density by combining 20-80% of fine powder granules of high-alloy tool-steel with a granular diameter of less than 
10 1 urn and up to 10" 2 urn in 80-20 wt% of coarse-granule powder of high-alloy tool-steel with a granular diameter 
of 10-10 3 urn, then forming by compressing it, and further carrying out a solid-phase sintering process for 
approximately 120 minutes at a temperature of 1503-1573 K under a vacuum hood. 

[Claim 3] 

A method of manufacturing a high-alloy tool-steel sintered body according to Claim 2, wherein the fine powder is 
combined with the coarse-granule alloy powder of high-alloy tool-steel and an alloy powder with materials that are 
the same as coarse-granule powder, a type of single element during composition, or some type of fine powders 
mixed. 

[Claim 4] 

A method of manufacturing a high-alloy tool-steel sintered body according to Claim 2, wherein the fine powder of an 
alloy powder — in which the composition is the same as said mixed coarse-granule powder, a type of single element 
during composition, or a mixed fine powder in which more than two types of fine powders are mixed — is mixed with 
a mixed coarse-granule powder combined with the coarse-granule powder of a single element in the composition of 
the high-alloy tool-steel. 



I Detailed Description of the Invention) 
[0001] 

(Field of Industrial Application! 

The present invention relates to a high-alloy tool-steel sintered body for cutting tools affected by minor materials 
defects and the manufacturing methods thereof. 

[0002] 

To manufacture a high-alloy tool-steel sintered body by powder metallurgy method, it is manufactured by processing 
into a shape, such as round, square, plate, and line, or a desired tool shape by forming powder compacts using a CIP 
device and then sintering, or directly manufacturing sintering compacts using an HIP device and then carrying out a 
deformation processing (forging, flatting, etc.) for the sintering compacts. The reason why the deformation 
processing is required for such a high-alloy tool-steel sintered body is because sintering compacts usually have 
defects such as airspaces and holes and it is difficult to obtain perfectly fine sintering compacts. Therefore, it is 
necessary to facilitate perfect fineness with the improvement of defects such as airspaces by compressing these 
spaces and holes by carrying out deformation processing for such sintering compacts. 

[0003] 

For example, generally, a coarse-granule powder with a powder granular diameter of less than 10-10 3 ^m or an 
ultra-fine powder or nano-fine powder with a powder granular diameter of 10 l — 10" 2 \im is independently used for 
material powder using the powder metallurgy method. Because coarse-granule powder easily develops airspaces 
when forming powder compacts, achieving perfect fineness is extremely difficult by removing airspaces when 
sintering. In addition, because the relative density of powder compacts becomes too high when ultra-fine powder 
forms powder compacts by themselves alone, isolated airspaces are easily formed and remain as fine holes after 
sintering. 

[0004] 

| Problem to be Solved by the Invention! 

By nature, the most significant characteristic of the powder metallurgy method is high flexibility of shape. Therefore, 
forming a powder of high-alloy tool-steel for powder compacts in shapes such as, for example, round, square, plate, 
or a desired tool shape, such as a drill or end mill, is very easy. On the other hand, it is unavoidable that material 
defects such as holes remain in them by sintering. However, perfect fineness by removing these defects is very 
difficult; chipping and deficiencies based on material defects are issues for use in cutting tools, and significant tool 
performance cannot be expected. Therefore, almost no sintering compacts in the shape of tool products are put into 
practical use in reality. 

[0005] 

On the other hand, setting the sintering temperature high after forming powder compacts shows a tendency to 
decrease defects such as holes, and almost no air holes are found in liquid-phase sintering, and it is possible to obtain 
sintering compacts with a relative density near 100%. The strength of materials and tool performance, however, 



deteriorates because of defects in the structure of its materials by making crystal granules bulk up or forming 
enormous pieces of carbide caused by fusing and aggregating of carbide. Moreover, because high-alloy tool-steel 
improves defects such as airspaces when carrying out the deformation processing such as in said prior art, the yield 
of materials is negligible, and it requires a number of processing processes, with the problem of increased high costs. 

[0006] 

| Means for Solving the Problem) 

The present invention relates to a manufacturing method for a high -alloy tool-steel sintered body characterized by 
obtaining a fineness of 100% relative density by including 20-80% of fine powder granules of high-alloy tool-steel 
with a granular diameter of less than 10 1 and up to 10 2 urn, in 80-20 wt% coarse-granule powder of high-alloy tool- 
steel with a granular diameter of less than 10 1 — 10 3 urn, combining 20-80% of fine powder granules of high-alloy 
tool-steel with a granular diameter of less than 10 1 urn and up to 10' 2 urn, with 80-20 wt% of coarse-granule powder 
of high-alloy tool-steel with a granular diameter of less than 10-10 3 um, and then forming by compressing it, and 
further carrying out a solid-phase sintering process for approximately 120 minutes at a temperature of 1503-1573 K 
under a vacuum hood. 

[0007] 

The reason why the coarse granular diameter is less than 10 1 — 10 3 urn in the present invention is because the structure, 
pieces of carbide, and crystal granules are enormous if it is greater or equal to 10 3 um, and this causes deterioration 
in the strength of materials. Furthermore, the reason why the fine granular diameter is less than 10 1 and up to 10" 2 um 
is because 10~ 2 um is a threshold limit that can be technically manufactured. 

[0008] 

(Embodiment] 

Next, an embodiment related to the present invention is described. Fig. 1 shows various high-alloy tool-steel sintered 
body powders in which the elements of high-alloy tool-steel of comparatively coarse-granule powders of various 
alloy powders, shown in HI through H6 in Table 1, are mixed. The top of Fig. 1 shows the relationship between the 
sintering temperature for powder compacts with a relative density of 54 wt%, and the relative density of sintering 
compacts, and the bottom of Fig. 1 shows the relationship between the sintering temperature of powder compacts 
with a relative density of 84 wt%, and the relative density of sintering compacts. For both, the solid-phase sintering 
process has been carried out for 120 minutes with the degree of vacuum 9 x 10 -10" 5 in a vacuum furnace. 

[0009] 

The relative density of sintering compacts depends on the element composition and density of powder compacts, but 
in powder compacts of 54% density, sintering compacts to 100% relative density can be obtained at sintering 
temperatures: Hl = 1473 K, H2=1547 K, H3=1523 K, H4=1550 K, H5=1503 K, H6=1533 K, and in powder compacts 
of 84% density, sintering compacts with 100% relative density can be obtained at sintering temperatures: H1 = 1473K, 
H2=1523 K, H3=1503 K, H4=1547 K, H5=1503 K, H6=1473 K. This shows that, except for the HI and H5 elements, 
a higher density of powder compacts can obtain sintering compacts with a higher relative density at lower sintering 



temperature. In addition, it also shows, at the same time, the tendency in which higher sintering temperature results 
in higher relative density, and it is thought that the liquid-phase temperature of the element composition is involved. 
For comparison, the solid-phase sintering process has been carried out in a hydrogen atmosphere. The values reached 
saturation or maximum relative density of 95-97%, and the remaining small amounts of isolated airspaces have been 
confirmed. 



[0010] 
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[0011] 

Sintering temperatures that reach 100% relative density depend on the element composition, but it is 1523-1550 K 
when the alloy powder of H2 in Table 1 is sintered, and 1550 K in H4. Especially, with the alloy powder in H4, 
100% relative density can be obtained at a high temperature that is close to the liquid-phase. Examples of the relative 
density of sintering compacts obtained by the present invention are shown in Fig. 2 and Fig. 3. Fig. 2 shows the 
relationship of the amount of an Fe fine powder granule mixture and the relative density when the Fe fine powder 
granules (carbonyl iron powder) with a powder granular diameter of less than 10-10 2 urn are used for H2 in the 
alloy element in Table 1 and coarse-granule powder of each single element is mixed for other elements. In this case, 
100% relative density can be obtained with 40 wt% of Fe fine powder in the solid-phase sintering process at 1503 K 
x 7.2 Ks. 

[0012] 

Fig. 3 shows the relationship of relative densities when mixing seven types of fine powder granules for a single 
element in which the high-alloy tool-steel is used as an element composition, in an alloy coarse-granule powder in 
which the elements are the same as high-alloy tool-steel for the high-alloy tool-steel in H4 related to the present 
invention in Table 1. In solid-phase sintering at sintering temperature of 1523 K x 7.2 Ks, sintering compacts with a 
relative density of 100% can be obtained in the following conditions: 84% relative density of powder compacts with 
20 wt% of a mixture of fine powder, and 54% relative density of powder compacts with 40 wt% of a mixture of fine 
powder. 



[0013] 

The picture of the microscope structure shown in Fig. 4 shows the composition rate of fine powder granules, 
airspaces, the occurrence of airspaces, and the residual status when sintering under the sintering conditions of 1523 K 
vacuum sintering and 7.2 Ks sintering time if a high-alloy tool-steel with a powder compact density of 84% of H4 
element composition in Table 1 is formed into a tool product shape. This means that the top is the status of a wrap 
process surface of sintering compacts corresponding to the composition rate of each fine powder grain, and the 
bottom is a picture of the microscopic structure showing a corrosion surface. According to this, the remaining 
airspaces and holes (black parts) are seen for 0% and 10% fine powder granules, and relative density does not reach 
100%. However, with 20% and 40% fine powder granules, 100% relative density can be achieved. 

[0014] 

(Effect of the Invention] 

In the present invention, because, as described above, a fineness of 100% relative density was obtained by combining 
20-80% of fine powder granules of the high-alloy tool-steel with a granular diameter of less than 10 1 and up to 10" 2 
jim in 80-20 wt% of coarse-granule powder of high-alloy tool-steel with a granular diameter of less than lO'-lO 3 urn, 
and then forming by compressing it, and carrying out a solid-phase sintering process for approximately 120 minutes 
at a temperature of 1523-1550 Ks under a vacuum hood, solid-phase sintering can be directly performed for tools 
with a tool product shape by using the flexibility of shapes that are characteristic of the powder metallurgy method. 
Moreover, because sintered high-alloy tool-steel has been refined, significant cost saving is possible without forging, 
rolling, and machinery processing. Furthermore, there are no defects in the structure of materials and no deterioration 
in the strength of materials or tool performance by forming enormous pieces of carbide caused by making crystal 
granules bulk up or fuse and by aggregating of carbide. 

| Brief Description of the Drawings | 

[Fig. 1] 

A relation diagram of the sintering temperatures of each powder compact with a relative density of 54 wt% (upper 
side) and a relative density of 84 wt% (lower side) for various high-alloy tool-steel sintered bodies related to the 
present invention shown in Table 1 and the relative density of sintering compacts. 

[Fig. 2] 

This is an example of the relative density of sintering compacts obtained by the present invention and a relation 
diagram of the amount of the mixture of Fe fine powder and the relative density when Fe fine powder having a 
powder granular diameter of less than 10-10" 2 urn is used for the alloy element H2 in Table 1 . 

[Fig. 3] 

A relation diagram of relative density when the high-alloy tool-steel fine powders in which the elements are the same 
as coarse-granule powder are mixed for the high-alloy tool-steel of the alloy powder of H4 related to the present 
invention. 



[Fig. 4] 

A picture of the microscope structure of the wrap processing surface and the corrosion surface for various mixture 
rates of fine powder granules of the high-alloy tool-steel of H4 in Table 1 . 
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